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INTEGRATED LINEAR LIGHT ENGINE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation in part of, and claims
the benefit of, U.S. patent application Ser. No. 13/672,592 to
Mark Dixon, entitled Recessed Light Fixture Retrofit Kit,
which is hereby incorporated herein in its entirety by refer-
ence, including the drawings, charts, schematics, diagrams
and related written description.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Described herein is a device relating to light engines for
use in lighting fixtures, such as troffer-style fixtures, that are
well suited for use with solid state lighting sources, such as
light emitting diodes (LEDs).

2. Description of the Related Art

Troffer-style fixtures are ubiquitous in commercial office
and industrial spaces throughout the world. In many
instances these troffers house elongated fluorescent light
bulbs that span the length of the troffer. Troffers can be
mounted to or suspended from ceilings, and can be at least
partially recessed into the ceiling, with the back side of the
troffer protruding into the plenum area above the ceiling.
Typically, elements of the troffer on the back side dissipate
heat generated by the light source into the plenum where air
can be circulated to facilitate the cooling mechanism. U.S.
Pat. No. 5,823,663 to Bell, et al. and U.S. Pat. No. 6,210,025
to Schmidt, et al. are examples of typical troffer-style
fixtures.

More recently, with the advent of the efficient solid state
lighting sources, troffers have been developed that utilize
LEDs as their light source. The LEDs can be arranged in
different ways in the troffers, with some having LEDs
arranged in a light engine. LEDs are solid state devices that
convert electric energy to light and generally comprise one
or more active regions of semiconductor material interposed
between oppositely doped semiconductor layers. When a
bias is applied across the doped layers, holes and electrons
are injected into the active region where they recombine to
generate light. Light is produced in the active region and
emitted from surfaces of the LED.

LEDs have certain characteristics that make them desir-
able for many lighting applications, such as troffers, that
were previously the realm of incandescent or fluorescent
lights. Incandescent lights are very energy-inefficient light
sources with approximately ninety percent of the electricity
they consume being released as heat rather than light.
Fluorescent light bulbs are more energy efficient than incan-
descent light bulbs by a factor of about 10, but are still
relatively inefficient. LEDs by contrast, can emit the same
luminous flux as incandescent and fluorescent lights using a
fraction of the energy.

In addition, LEDs can have a significantly longer opera-
tional lifetime. Incandescent light bulbs have relatively short
lifetimes, with some having a lifetime in the range of about
750-1000 hours. Fluorescent bulbs can also have lifetimes
longer than incandescent bulbs such as in the range of
approximately 10,000-20,000 hours, but provide less desir-
able color reproduction. In comparison, LEDs can have
lifetimes between 50,000 and 70,000 hours. The increased
efficiency and extended lifetime of LEDs is attractive to
many lighting suppliers and has resulted in their LED lights
being used in place of conventional lighting in many dif-
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ferent applications. It is predicted that further improvements
will result in their general acceptance in more and more
lighting applications. An increase in the adoption of LEDs in
place of incandescent or fluorescent lighting would result in
increased lighting efficiency and significant energy saving.

Light engines that can be utilized in lighting fixtures, such
as those mentioned above, typically comprise various com-
ponents such as an array of multiple LED packages mounted
to a printed circuit board (PCB), substrate or submount. The
array of LED packages can comprise groups of LED pack-
ages emitting different colors, and specular or diffuse reflec-
tor systems to reflect light emitted by the LED chips. Some
of these LED components are arranged to produce a white
light combination of the light emitted by the different LED
chips.

Modern lighting applications often demand high power
LEDs for increased brightness. High power LEDs can draw
large currents, generating significant amounts of heat that
must be managed. In addition to the above mentioned
components, many systems utilize heat sinks which must be
in good thermal contact with the heat-generating light
sources. Some previous LED based light engines would
have inadequate thermal management means, resulting in
unacceptable heating of the light engine and/or heat related
failure of the light engine. For most current lighting appli-
cations, light engines utilize heat sinks to adequately dissi-
pate heat from the light sources into the ambient. Troffer-
style fixtures generally dissipate heat from the back side of
the light engine or the fixture that extends into the plenum.
This can present challenges as plenum space decreases in
modern structures. In addition to thermal management, heat
sinks often provide necessary structural stability for light
engines.

As mentioned above, many light engines utilize compo-
nents such as PCBs, heat sinks, reflective elements and
lenses, which are part of the light engine and are formed
separately from the light engine body. These separately
formed components must be assembled and/or attached to
the light engine body to form a complete light engine. As the
number of desirable or required components that must be
later assembled increases, the manufacturing and assembly
processes become more complicated, costly and requires
more materials. This can result in a light engine that is not
only complex, but also expensive.

SUMMARY OF THE INVENTION

The present invention is generally directed to different
embodiments of light engines comprising many improved
features, such as integrated features that were previously
formed separately and then assembled. The different
embodiments according to the present invention can also
comprise integral components various integral components
such as a PCB, heat sink, lens, cover portion or reflector, or
can otherwise simplify the integral feature incorporation of
such components into the light engine. In still other embodi-
ments, the improved features and integral nature of the light
engine can result in the elimination of one or more of these
previously necessary feature or elements. In one embodi-
ment, the light engine comprises a body, light sources, and
conductive elements integrated into the body. The conduc-
tive elements can be in communication with the light
sources, with the conductive elements configured to define
electrical pathways between said light sources.

One embodiment of a light engine according to the
present disclosure comprises a rigid body, at least one light
source on the body and at least one conductive element
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integrated into the rigid body and in communication with
said light source, wherein the at least one conductive ele-
ment configured to dissipate heat generated during operation
of said light source.

Another embodiment of a light engine according to the
present disclosure comprises a body, at least one conductive
element on the body, at least one light source in communi-
cation with the at least one conductive element, and a lens
integrated into the body.

Another embodiment of a light engine according to the
present disclosure comprises a body, at least one conductive
element on the body, at least one light source in communi-
cation with the at least one conductive element, and a
reflective element integrated into the body.

Still another embodiment of a method for producing a
light engine according to the present disclosure comprises
coextruding a body, reflective element and lens, placing at
least one conductive element in place during the extrusion
process, and bonding at least one light source in communi-
cation with said at least one conductive element.

These and other further features and advantages of the
invention would be apparent to those skilled in the art from
the following detailed description, taking together with the
accompanying drawings, wherein like numerals designate
corresponding parts in the figures, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 2 is a front perspective view of one embodiment of
a light engine according to the present disclosure;

FIG. 3 is a top perspective view of one embodiment of a
conductive foil configuration that can be utilized with the
present disclosure;

FIG. 4 is a front perspective view of one embodiment of
a conductive rail configuration that can be utilized with the
present disclosure;

FIG. 5 is a top view of one embodiment of a conductive
braided wire configuration that can be utilized with the
present disclosure;

FIG. 6 is a schematic diagram depicting one embodiment
of a circuit arrangement that can be utilized with the present
disclosure;

FIG. 7 is a schematic diagram depicting another embodi-
ment of a circuit arrangement that can be utilized with the
present disclosure;

FIG. 8 is a schematic diagram depicting still another
embodiment of a circuit arrangement that can be utilized
with the present disclosure;

FIG. 9 is a front perspective view of one embodiment of
a light engine according to the present disclosure;

FIG. 10 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 11 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 12 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 13 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 14 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 15 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 16 is a front sectional view of one embodiment of a
light engine according to the present disclosure;
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FIG. 17 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 18 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 19 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 20 is a front sectional view of one embodiment of a
light engine according to the present disclosure;

FIG. 21 is a front perspective view of one embodiment of
a light engine according to the present disclosure;

FIG. 22 is a top view of one embodiment of a light engine
according to the present disclosure;

FIG. 23 is a side perspective view of one embodiment of
a light engine according to the present disclosure;

FIG. 24 is a schematic diagram of a spring loaded contact
arrangement for use with an endcap according to the present
disclosure;

FIG. 25 is a perspective partial view of a troffer-style
fixture assembly that can be utilized with the present dis-
closure;

FIG. 26 is a temperature profile graph comparing different
embodiments of a light engine according to the present
disclosure;

FIG. 27 is another temperature profile graph comparing
different embodiments of a light engine according to the
present disclosure;

FIG. 28 is a graph charting the relationship between
thermal resistance and current in relation to different
embodiments of a light engine according to the present
disclosure;

FIG. 29 is a graph charting the relationship between
thermal resistance and heat dissipation area in relation to
different embodiments of a light engine according to the
present disclosure; and

FIG. 30 is top perspective view of an embodiment accord-
ing to the present disclosure that depicts the heat dissipation
area referenced in FIG. 29.

DETAILED DESCRIPTION OF THE
INVENTION

The present disclosure is directed to different embodi-
ments of light engines with integrated features that eliminate
the need for one or more separately produced typical light
engine components such as a PCB, heat sink, lens, cover
portion or reflector. In some embodiments, the need for
some of these separately formed components can be elimi-
nated by forming integral structures. By reducing the num-
ber of necessary components, time and cost can be con-
served, fewer materials can be used, and additional benefits
can be attained as described below.

In some embodiments, the need for a PCB can be elimi-
nated, for example, by utilizing conductive elements inte-
grated into a light engine body. These conductive elements
can be configured to define conductive pathways between
light sources in a light engine. The conductive elements can
provide several advantages over conventional PCBs. For
example, many conductive elements embodiments, such as
wire rails, have a considerably lower cost when compared to
a PCB. The conductive elements according to the present
invention also provide more freedom in the design of
conductive pathways. For example, such conductive path-
ways can achieve longer lengths than most PCBs, as many
conventional PCB boards are limited to about 24 inches;
therefore, a four-foot light engine section would require
multiple boards and a connection between. Furthermore,
conductive pathways designed from conductive elements
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according to the present disclosure can also enable three-
dimensional circuit routing, which is not available from
most conventional PCBs.

In other embodiments, the need for a separate heat sink
structure can be eliminated, for example, by utilizing effi-
cient light sources in conjunction with conductive elements
configured to dissipate heat. In one such configuration the
conductive elements and light sources circuit can be freely
exposed to the ambient air, allowing for efficient heat
dissipation. The conductive elements can also be configured
with an increased surface area that increases the heat dissi-
pation area of the conductive elements. This can further
enhance heat dissipation through conduction or convection,
as will be discussed further below. Efficient light sources can
include, for example, light sources that have low operating
electrical drive current requirements and/or light sources
comprising additional heat dissipating features. As men-
tioned above, in many light engines, the heat sink provides
the structural integrity for the light engine. Light engines
according to the present disclosure can further comprise
rigid bodies that eliminate the dependence on a heat sink for
structural support.

In still other embodiments, the need for a separate formed
reflective element can be eliminated, for example, by co-
extruding a reflective surface along with the light engine
body such that it is incorporated into the light engine body
as an integral part. This co-extrusion process saves time,
materials and cost associated with forming a separate reflec-
tive element that is then mounted to the light engine body.
Co-extrusion can also provide for increased structural sta-
bility of the overall light engine body as a result of the
elimination of the spatial interplay between the reflective
element and the light engine body. This results in a more
stable structure compared to light engines wherein a reflec-
tive element is attached through another means.

In still other embodiments, the need for a separate cover
portion or lens structure can be eliminated, for example, by
extruding a lens feature along with a light engine body such
that it is incorporated into the light engine as an integral part.
Extrusion can result in the lens being attached to the light
engine’s body, preferably by a mechanism that allows for the
lens to open and close over the light engine’s light sources.
Many different opening/closing mechanisms can be used
with some embodiments utilizing a living hinge. This allows
the lens to have multiple positions, such as a position
covering the light sources and a position allowing access to
the light sources and conductive elements. This simplifies
the manufacture of light engines according to the present
disclosure as the lens, body and conductive elements can be
formed integral to one another, for example, during an
extrusion process. Light sources can then be installed onto
the conductive elements, and the lens can then be moved
into a position covering the light sources.

In addition to providing a simplified lighting engine or
structure that can eliminate the need for certain components,
devices according to the present disclosure provide embodi-
ments that facilitate or simplify the mounting or incorpora-
tion of such elements into light fixtures such as troffers. For
example, some embodiments according to the present dis-
closure can include various connecting portions and/or
“snap-fit” structures that streamline the light fixture assem-
bly process as will be discussed in detail further below.

Throughout this description, the preferred embodiment
and examples illustrated should be considered as exemplars,
rather than as limitations on the present invention. As used
herein, the term “invention,” “device,” “method,” “present
invention,” “present device” or “present method” refers to
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any one of the embodiments of the invention described
herein, and any equivalents. Furthermore, reference to vari-
ous feature(s) of the “invention,” “device,” “method,” “pres-
ent invention,” “present device” or “present method”
throughout this document does not mean that all claimed
embodiments or methods must include the referenced fea-
ture(s).

It is also understood that when an element or feature is
referred to as being “on” or “adjacent” to another element or
feature, it can be directly on or adjacent the other element or
feature or intervening elements or features may also be
present. In contrast, when an element is referred to as being
“directly on” or extending “directly onto” another element,
there are no intervening elements present. It is also under-
stood that when an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the other element or intervening
elements may be present. In contrast, when an element is
referred to as being “directly connect” or “directly coupled”
to another element, there are no intervening elements pres-
ent.

Relative terms such as “outer”, “above”, “lower”,
“below”, “horizontal,” “vertical” and similar terms, may be
used herein to describe a relationship of one feature to
another. It is understood that these terms are intended to
encompass different orientations in addition to the orienta-
tion depicted in the figures.

Although the terms first, second, etc. may be used herein
to describe various elements or components, these elements
or components should not be limited by these terms. These
terms are only used to distinguish one element or component
from another element or component. Thus, a first element or
component discussed below could be termed a second
element or component without departing from the teachings
of the present invention. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated list items.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an,” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including when used herein, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Embodiments of the invention are described herein with
reference to different views and illustrations that are sche-
matic illustrations of idealized embodiments of the inven-
tion. As such, variations from the shapes of the illustrations
as a result, for example, of manufacturing techniques and/or
tolerances are expected. Embodiments of the invention
should not be construed as limited to the particular shapes of
the regions illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing.

FIG. 1 is a front sectional view of one embodiment light
engine 100 according to the present disclosure. Light engine
100 comprises a body 102, at least one light source 104, and
one or more conductive elements 106. Body 102 can com-
prise a variety of materials, including but not limited to
metals, plastics, various polymers and/or combinations
thereof. In one embodiment, body 102 can be formed from
polycarbonate (PC). Body 102 can be formed via a number
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of processes, including but not limited to extrusion and
molding, such as injection molding.

Body 102 can be clear, transparent or translucent such that
light emitted from light source 104 can easily pass through
body 102. Body 102 can also be diffuse, and in different
embodiments can be made diffuse by various means includ-
ing but not limited to being formed from a diffuse material,
being patterned or shaped to have diffuse portions, or by
adding materials having diffusing properties, such as diffus-
ing particles. Body 102 can comprise a rigid structure to
provide structural support for light engine 100. This rigidity
can be the result of many different factors, such as the
material used for the body and/or the integrated nature of its
body’s component parts. In many conventional light
engines, the rigidity and stability of the light engine’s
structure is provided by a heat sink. The rigidity of body
102, in combination with the properties and arrangement of
highly efficient light sources 104 and conductive elements
106 (which will be discussed further below) eliminate the
need for a heat sink structure. It is understood that the shape,
dimensions and orientation of body 102 depicted in the
drawings are but some of many shapes body 102 can
comprise. Body 102 can comprise a variety of shapes,
dimensions and orientations for various purposes, for
example depending on the needs of various light fixtures
where light engine 100 could be employed. Additional
example embodiments of body 102 will be discussed further
below.

Body 102 can further comprise at least one hollow portion
108 (two shown) and at least one support structure 110 (one
shown). Hollow portions 108 can be shaped to define
parallel longitudinal channels that run the entire length of
body 102. Hollow portions 108 can be designed to accom-
modate wires, cords, cables or other electrical conductors
(not shown) for providing power to light sources. In one
embodiment, hollow portions 108 are approximately 1 inch
wide, but it is understood that they can be larger or smaller.
In embodiments with multiple hollow portions 108, these
portions can be the same shape or can comprise different
shapes, for example, as needed to accommodate different
types of cords, wires, etc. While hollow portions 108 are
shown as being entirely enclosed within, body 102, portions
of body 102 can be open or otherwise accessible. This
arrangement provides outside access to hollow portions 108.
It is understood that light engines according to the present
disclosure can be formed without hollow portions 108, for
example, by forming body 102 as a solid piece of material.
It is also understood or that hollow portions 108 can be fully
or partially filled with other materials.

Support structure 110 can be included to provide addi-
tional support to body 102 and compensate for any slight
stability loss due to the formation of hollow portions 108.
Support structure 110 can comprise any number of useful
shapes and orientations depending on the needs and particu-
lar shapes and orientations of body 102. For example, in the
embodiment shown in FIG. 1, support structure 110 com-
prises an I-beam type shape and runs the entire length of
body 102. This configuration provides structural support,
assisting in maintaining the shape of body 102 as well as
providing support for additional features that can be placed
on body 102. Support structure 110 can span the entire
length of body 102 as describe above or can comprise
multiple support structures formed at various locations in
body 102. For example, support structure 110 can comprise
multiple I-beams spaced down the length of body 102.
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Alternatively or in addition, support structure 102 can com-
prise multiple pluralities of support structures having dif-
ferent shapes or orientations.

Various connecting features can be utilized with light
engines according to the present disclosure to allow the light
engines to be installed into fixtures or be attached to addi-
tional lighting components. In the embodiment shown, body
102 can further comprise a connecting portion 112 that
enables light engine 100 to interface with other structures for
further device assembly. Connecting portion 112 can be
shaped or configured to allow for mounting of light engine
100 to a lighting fixture, for example, for troffer retrofits. In
one embodiment, connecting portion 112 comprises a “snap-
fit” feature shaped or configured to interact and cooperate
with a corresponding structure for attachments of light
engine 100.

Devices according to the present disclosure can further
comprise cover portions that provide protection to the cov-
ered components and can function as a lens as will be
discussed further below. In light engine 100, cover 114 can
be physically attached to or part of body 102 or can be a
separate piece. Cover or lens 114 can be removed or
displaced so that various components, such as light source
104 and conductive elements 106, can be easily installed on
the upper portion of body 102. Cover 114 can be made of the
same material as body 102 and can be formed separately
from body 102, or integral with body 102. Different forma-
tion methods can be used such as an extrusion process where
the cover is extruded with the body and integral to the body.
Cover 114 can also be made of a different material from
body 102 and co-extruded with body 102 to form both
structures integral to one another. In some embodiments,
both body 102 and cover 114 are clear, transparent or
translucent, while in other embodiments both the body 102
and/or the cover 114 are diffuse. By utilizing a method that
can form cover 114 simultaneously with and integral to body
102, for example an extrusion or injection molding process,
the manufacturing process can be simplified and associated
costs reduced. Additionally, by extruding cover 114 with
body 102 such that it is integrated and essentially an
extension of body 102, one need not manufacture an addi-
tional cover piece, thus reducing the amount of components
in light engine 100.

The cover 114 can be attached to the remainder of the
body by mechanisms that allows for opening and closing of
a cover over the body. In some embodiments, cover 114 can
be physically attached to body 102 at one or more positions
by a living hinge 120. Living hinge 120 can be formed
integral to cover 114 and body 102, for example, during an
extrusion or injection molding process. Living hinge 120
comprises a thinned portion of the material body 102 and/or
cover 114 that allows the rigid portions of body 102 and
cover 114 to bend along point where living hinge 120
attaches the two structures together. When cover 114 is in its
“open” configuration (as depicted in FIG. 1), cover 114 is
not substantially enclosing elements on the top surface of the
body 102, for example, light source 104 and conductive
elements 106. When cover 114 is in its “closed” position, it
is substantially enclosing elements on the surface of the
body 102. The “closed” position of cover 114 can be further
secured in embodiments where at least one portion of cover
114 comprises a cover-attachment portion 116 that can
interact or mate with a corresponding body-attachment
portion 118, as discussed above, thus holding or locking
cover 114 in place.

Cover 114 can perform several functions including pro-
tection of enclosed elements on body 102 and serving as a
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lens for light emitted from light source 104. As mentioned
above, cover 114 can be integral to body 102 via extrusion,
simplifying the manufacturing process and reducing costs
while allowing access to the top portion of body 102 for the
installation of additional features, including light source 104
and conductive elements 106. Another advantage of inte-
grating the cover 114 with body 102 is that the position of
cover 114 need not be permanent but can be configured to
have various positions, such as the “open” and “closed”
positions as discussed above. This can allow a user to
“toggle” between a closed protective cover with lens prop-
erties during operation of the device and open position that
allows access to the top surface of body 102. Access can be
needed in different circumstances, such as when the user
accesses various elements of the device for purposes of
replacement or repair of features on body 102.

The entirety of cover 114, or one or more dedicated
surfaces, can serve as a lens 122 for directing, scattering,
focusing, or altering the direction and nature of, emitted
light. Since the entirety of cover 114 can function as a lens,
it is understood that portions of this disclosure that refer to
a lens can equally refer to a cover portion. Lens 122 can be
clear, transparent or translucent, or can comprise additional
structures and materials for altering the color of emitted
light, with some embodiments comprising wavelength alter-
ing materials such as phosphors. In other embodiments, the
lens 122 can comprise light scattering particles, and the lens
122 can be structured or patterned to increase light extrac-
tion.

Body 102 can further comprise a channel 124 on one of
its surfaces or within body 102 itself. In one embodiment
channel 124 is on the top surface of body 102. Channel 124
can be configured to receive other device components such
as light source 104, conductive elements 106 or a reflective
element 126. Channel 124 can be configured to receive a
temporary carrier structure (not shown) which can hold and
control the placement of conductive elements 106. The
carrier structure can be pressed into channel 124 to position
conductive elements 106 as desired; the carrier structure can
then be removed. Such a carrier structure can comprise a
flexible material, for example a paper or plastic adhesive
structure such as tape. Conductive elements 106 can be
arranged into pre-designed conductive pathways on the
carrier structure to hold them in a fixed position. The
conductive pathways can then be placed into channel 124
prior to the carrier structure being removed.

Light engines according to the present disclosure can
further comprise one or more reflective elements to increase
light extraction. As shown in FIG. 1, light engine 100 can
further comprise reflective element 126, which can be made
of various reflective materials that are known in the art.
Reflective element 126 can be made from materials similar
to body 102, such as plastics, polymers and PC, or can be
made from different materials from body 102. In one
embodiment, reflective element 126 comprises a reflective
white area. The reflective white area can be on a portion of
reflective element 126, or reflective element 106 can be
entirely reflective white. Reflective element 126 can be
formed separately from body 102 and mounted to the body.
In one embodiment, body 102 can comprise an element
configured to receive reflective element 126, for example,
channel 124 discussed above. In one embodiment, reflective
element 126 and channel 124 can be configured such that
portions of each structure correspond to portions on the
other structure, forming a “snap-fit”. In one embodiment,
reflective element 126 comprises a reflective film that is
added to the top surface of body 102.
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Reflective element 126 can also be co-extruded with body
102 and formed integral to said body. By forming reflective
element 126 simultaneously as an integrated element of
body 102, the manufacturing process is simplified, less
additional separate components are produced and associated
costs are reduced. Furthermore, by co-extruding reflective
element 126 with body 102, there is less spatial interplay
between the two structures, resulting in a more structurally
stable device.

As mentioned above, in conventional light engines, the
heat sink provides the structural support for the light engine.
In different embodiments according to the present disclosure
the heat sink can be eliminated, and body 102 can be rigid
to provide the structural support normally provided by a
separate heat sink. One way to increase the rigidity of the
structure is through an extrusion process. In embodiments
wherein reflective element 126 and/or cover 114 can be
coextruded with body 102, the resulting light engine struc-
ture has a greater structural integrity than embodiments
wherein the other elements, such as reflective element 126,
can be added separately, being attached to body 102 later by
another means. The coextrusion process allows for situa-
tions where body 102 can be made from clear PC and
reflective element 126 can be made from highly reflective
white material, yet both structures are coextruded together
such that they are essentially one structure. This allows the
resulting light engine to be more structurally stable, further
eliminating the need for structural support provided by a
separate heat sink structure.

Light source 104 can comprise any suitable light source,
however the present disclosure is particularly adapted for
solid state light sources such as LEDs. Light source 104 can
also comprise highly efficient LED packages that are
capable of operating at lower drive signals than many
conventionally used LEDs. Since the current needed to drive
such highly efficient LEDs can be lower, the power in each
LED can also be lower. Multiple LEDs can be used to
achieve the same output as fewer LEDs with a higher
current. By using more LEDs the necessary heat dissipation
area can be smaller. The heat dissipation area of conductive
elements will be discussed in more detail further below.
These highly efficient LED packages can further comprise
additional heat dissipating features. Examples of such highly
efficient LEDs are described in detail in U.S. patent appli-
cation Ser. Nos. 13/649,052 and 13/649,067, both also
assigned to Cree, Inc., which are hereby incorporated herein
in their entirety by reference, including the drawings, charts,
schematics, diagrams and related written description.

One way in which highly efficient LEDs can operate at
lower drive signals than convention LEDs is that the highly
efficient LED packages have a greater LED area per package
footprint, which can allow for higher packing density. In
many applications, this allows for driving the same area of
LED packages with a lower drive signal to achieve the same
emission intensity. This can result in greater emission effi-
ciency. In other embodiments, the same drive current can be
used, and the LED packages that can be utilized with the
present invention can be used to generate higher emission
intensity. These embodiments provide the flexibility of pro-
viding LED package emission with high luminous flux, or
with lower luminous flux at greater efficiency.

The different highly efficient LED package embodiments
can operate from different drive signals, with some operating
from signals from 50 mWatts to several tens of Watts. In
some embodiments, the drive signal can be in the range of
500 mWatts to approximately 2 Watts. The different embodi-
ments can also provide different luminous flux output, with
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some embodiments emitting 100 lumens or more. Other
embodiments can emit 110 lumens or more, while other
embodiments can emit 150 lumens or more. Different
embodiments can also emit different color temperatures in
the range of 2000 to 6000K, with some embodiments
emitting approximately 3000K and others approximately
5000K. By way of example, an LED package that can be
utilized with the present invention having a package foot-
print of 1.6 by 1.6 mm, can emit approximately 120 lumens
at a temperature of 3000K. Other embodiments having the
same size can emit 140 lumens at 5000K. The area for the
package footprint is 2.56 mm?® resulting in emission of 47
lumens/mm?® at 3000K, and 55 lumens/mm?® at 5000K. As
LED technology increases and highly efficient LEDs begin
to operate at even lower drive signals, these lower drive
signals can be utilized with devices according to the present
disclosure.

Different packages that can be utilized with the present
invention can generally emit in the range of to 65 lumens/
mm?. Packages that are approximately 1.6 mm tall can have
a volume of approximately 4.096 mm?, resulting in opera-
tion at approximately 29.27 lumens/mm® at 3000K and
34.18 lumens/mm? at 5000K. Different packages that can be
utilized with the present invention can generally emit in the
range of 20 to 45 lumens/mm?>. This can vary depending on
the drive signal (or drive current) but does, however, result
in a operation of 115 lumens per Watt (LPW) at 3000K, and
135 LPW at 5000K. Other embodiments having different
drive signals can also exhibit similar LPW operation at the
same color temperature. The range of LPW for the different
embodiments can generally be in the range of 100 to 150
LPW.

As discussed in detail in the above incorporated refer-
ences, these highly efficient LED packages can further
comprise additional heat dissipating features. One example
of such heat dissipating features are attach pads that can
extend beyond the edge of the LEDs to cover most of the top
surface of the package area. This can help in thermal
management for the LED package by spreading heat from
the LEDs into the pads so that heat spreads beyond the edge
of the LEDs into more area of the package. This allows the
heat to be less localized and allows it to more efficiently
dissipate through a submount into the ambient.

A further example of heat dissipating features that can be
incorporated into highly efficient LED packages is a con-
version material layer that can also act as a remote layer with
good thermal spreading. That is, heat generated during the
conversion process, or heat from the LED that passes into
the conversion material layer can be spread across the
conversion material layer. The heat can then conduct into a
submount and an encapsulant to dissipate into the surround-
ing ambient.

As discussed above, these highly efficient LED packages
are particularly suited at thermal management. These LED
packages can efficiently operate at lower drive signals and
consume less power per unit when compared to conven-
tional LEDs, resulting in less heat generated. Furthermore,
as set forth above and in the incorporated references, these
packages can comprise additional heat dissipating features.
When utilizing these highly efficient LED packages, con-
ductive element embodiments, as discussed further below,
can be sufficient to function as a heat dissipation element and
eliminate the need for a separate heat sink. The minimal
surface area of the conductive elements can be sufficient to
dissipate the heat generated by said light source, for
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example, through conduction or convection. Utilizing these
highly efficient LEDs also allows for closer light source
spacing in light engines.

While highly efficient LEDs are discussed above, it is
understood that other light sources with heat dissipating
features and/or the ability to operate at lower drive currents
and consume less power could be used in conjunction with
conductive elements 106 and rigid body 102 to eliminate
both the heat dissipation and structural needs of a heat sink.

Light sources 104, such as LEDs or LED packages, can be
attached to conductive elements 106 in a variety of ways.
For example, LEDs can be attached to conductive elements
106 using a conductive adhesive. An advantage of using
conductive adhesive is that it does not require heating
conductive elements 106 or body 102 to levels which can
result in structure failure. Many different conductive adhe-
sives can be used, for example Circalok™ 6972 and 6968
manufactured by Lord Corporation. Circalok™ 6968 has the
advantage of having a cure time/temperature of approxi-
mately 1 hr/65° C., which is much less than that of solder
reflow temperatures (which is potentially over 250° C.).
When LEDs are bound to conductive elements 106 via a
conductive adhesive, it is possible that the connection can be
brittle and susceptible to bending or spatial displacement of
the top portion of body 102. It may be necessary to adjust the
flexion properties when designing body 102 in certain
embodiments having pluralities of LEDs or conductive
elements which are sensitive to structure flexing. The prop-
erties of the adhesive can also be adjusted to account for
thermal expansion.

Additional methods of LED attachment can include: the
use of low-temperature solder, which can be utilized with
laser heating which will not significantly disturb underlying
structures; the use of solder with induction heating for the
purpose of providing a fast and local bond; and the use of
sonic/vibration welding. Additionally, in certain embodi-
ments, including wherein conductive elements 106 comprise
flex circuits, traditional soldering can be used as described
further below.

Conductive elements 106 can span the length of light
engine 100, providing electrical connection to an outside
power source and providing light sources 104 with internal
electrical connections. The conductive elements can be a
separate component such as a PCB or can be integrated into
body 102 or reflective element 126. Conductive elements
106 can conduct electricity and/or heat and can be arranged
in specific pathway configurations to direct electric current
and/or heat in a desired manner thus eliminating the need for
a PCB as discussed in greater detail below. Conductive
elements 106 can be made of any suitable metal or other
conductive material, and conductive elements 106 can also
comprise materials with both conductive and nonconductive
portions. In one embodiment, conductive elements 106 are
made of copper. In one embodiment, conductive elements
106 comprise pad printed conductive traces. In one embodi-
ment, the conductive elements can comprise wire of differ-
ent gauges, such as 18-gauge wire, although many other
gauges can be used. In other embodiments, conductive
elements 106 comprise 26 and/or 34 American Wire Gauge
(AWG) conductive wire rails. Conductive elements 106 can
comprise a variety of shapes and structures. In the embodi-
ment shown in FIG. 1, conductive wire rails are used.

In other embodiments, conductive elements 106 can com-
prise barbed portions 128 that can assist in the positioning
and securing of conductive elements 106. For example, after
a co-extrusion process in which body 102 and reflective
element 126 are formed integral, conductive elements 106
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can be easily integrated into the device by being pressed into
the top surface of body 102 such that barbed portions 128
penetrate the top surface of body 102 and anchor conductive
portions 106 to the top surface. Conductive elements 106
can be added after formation of body 102 and/or reflective
element 126 or can be added simultaneously during their
formation, for example, during the co-extrusion process.
Alternatively, in embodiments wherein reflective element
126 is formed separately from body 102, conductive ele-
ments 106 can be embedded in reflective element 126, which
can then be placed into the proper position as described
above, for example, via a “snap-fit” method as discussed
above.

Conductive elements 106 can also comprise magnet wire.
FIG. 2 depicts a light engine 150, similar to light engine 100,
wherein the corresponding disclosure above is incorporated
into this embodiment such that like features share the same
reference numbers. Light engine 150 comprises body 102,
light sources 104, reflective element 126 and magnet wire
rails 152 (used as conductive elements 106). FIG. 2 shows
light sources 104 arranged in a non-staggered linear manner.
Magnet wire rails 152 are typically coated with a thin
insulation, for example, with enamel. In embodiments uti-
lizing magnet wire, instances of electrical arcing between
adjacent conductive elements are eliminated.

FIG. 2 also depicts an embodiment wherein reflective
element 126 comprises sloped portions 154. These portions
can increase light extraction from light engine 150, func-
tioning similar to a reflector cup in a standard LED device.
Sloped portions 154 can reflect rays of light emitted by light
sources 104 which are emitted in a parallel direction to the
base portion of reflective element 126.

Different light engines according to the present invention
can have different conductive elements. FIG. 3 shows
another conductive element embodiment which depicts con-
ductive foil configuration 200. The conductive elements
comprise light sources 202 and a conductive foil 204, which
can be transferred to the body with an adhesive or via a
screen printing transfer method. Using an adhesive has the
advantage of not requiring numerous steps as the screen
print transfer method may require. In one embodiment
conductive foil 204 comprises a copper foil. Alternatively or
in addition to conductive foil 204, the conductive elements
can comprise a flex circuit on a flexible film, for example, on
a polyamide film. Flex circuits have the advantage that light
sources can be soldered to flex circuits without significantly
damaging the circuit.

Referring now to FIG. 4, other embodiments of conduc-
tive elements can comprise a rail configuration 250, which
comprises at least one non-conductive rail 252 which is
selectively coated or plated with a conductive material,
forming conductive regions 254 and non-conductive regions
256. An adjacent rail can be staggered by one-half (as
shown), resulting in selectively interrupted electrical path-
ways that can be formed without the need for physically
cutting or otherwise forming breaks in non-conductive rail
252. Light sources can then be bonded to rail configuration
250 utilizing the selectively interrupted conductive paths,
thus forming conductive pathways between light sources.
Such pathways can be, for example, parallel connections,
series connections or combinations thereof, as discussed in
more detail below. It is understood that while depicted in
FIG. 4 as a square rail, non-conductive rail 252 can be a
number of different shapes or indeed not even a rail, but
another conductive element comprising a primarily non-
conductive material that has been selectively coated or
plated with a conductive material.
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As shown in FIG. 5, the conductive elements can com-
prise flattened braided wire 300. Standard braided wire
typically comprises several strands of wire looped together
and surrounded by an insulating jacket. The insulating jacket
can be selectively removed forming exposed wire portions
302. One method of removing select portions of the insu-
lating jacket is via laser removal. Exposed wire portions 302
correspond to areas where light sources 304 will be placed
in communication with exposed wire portions 302. This
allows for formation of electrical pathways while preventing
the insulator-jacket coated portions 306 from distributing
excess electricity and heat to additional portions of the
braided wire or other components on the surface of the body.

Devices according to the present disclosure can operate
according to various power supply methods with the most
common being low voltage (at ~60 volts and below) and
high voltage (at ~200 volts and above). When devices
according to the present disclosure are operated at high
voltage, they run more efficiently resulting in reduction of
operating costs; however, there may be instances, such as
when it is necessary to conform to particular government
regulatory standards, when it would be desirable to run the
devices at low voltage.

FIG. 6 shows a circuit schematic diagram depicting a
circuit configuration 350 comprising 2 parallel paths,
wherein the conductive pathways 352 correspond to con-
ductive elements 106 in FIG. 1 and the LEDs 354 corre-
spond to light sources 104 in FIG. 1. Circuit configuration
350 corresponds to a low voltage operating power supply
resulting in a 3 volt drop between the center rail and 2
outside rails through LEDs 354. Many different electrical
pathways can be formed. For example, current can flow
through first and second conductive pathways 356, 358
providing LEDs 354 with power. The LEDs may further be
connected to a ground 360 which can allow for embodi-
ments in which LEDs are staggered or offset from one
another. These offset embodiments provide for further heat
management due a lower concentration of LEDs in the same
area, resulting in less heat production in the area.

FIG. 7 shows a circuit schematic diagram depicting a
circuit configuration 400 comprising a series path, wherein
the conductive pathways 402 correspond to conductive
elements 106 in FI1G. 1 and the LEDs 404 correspond to light
sources 104 in FIG. 1. Circuit configuration 400 corresponds
to a high voltage operating power supply. The conductive
paths 402 comprise continuous portions 406 and interrupted
portions 408.

Interrupted portions 408 above can be formed in various
ways. In many embodiments, including embodiments
wherein the conductive elements comprise wire or conduc-
tive rails, one of the more economical and efficient ways to
form interrupted portions 408 is by cutting and/or removing
portions of the conductive elements. This can be done after
the conductive elements have been installed into a device to
further simply the manufacturing process, reducing neces-
sary time and cost. One method for cutting the selected
portions of the conductive elements is via laser cutting or
punch. The patterns of conductive and nonconductive areas
can also be formed prior to being installed into a device by
utilizing a nonconductive rail that has been which is selec-
tively coated or plated with a conductive material as dis-
cussed above. Likewise, it is also possible to utilize a
conductive element that has been selectively treated or
coated with a material that interrupts electrical conductivity
at selected portions. By altering the electrical pathways, the
conductive elements can be configured to direct electricity in
a desired manner, thus eliminating the need for a PCB.
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It is understood that various other circuit configurations
can be used depending on the operation needs of a particular
device. These circuits can comprise parallel paths, series
paths or combinations thereof. FIG. 8 shows a circuit
schematic diagram depicting a circuit configuration 450
comprising a combination series-parallel path, wherein the
conductive pathways 452 correspond to conductive ele-
ments 106 in FIG. 1 and the LEDs 454 correspond to light
sources 104 in FIG. 1. Like in FIG. 7 above, the conductive
paths 452 comprise continuous portions 456 and interrupted
portions 458. In some embodiments, individual LEDs 454
can be connected in parallel forming LED groups 460.
Individual LED groups 460 can further be connected in
series. In the embodiment shown, three LEDs 454 are
connected in parallel forming LED group 460. Between
LED groups, the conductive pathways 452 can be inter-
rupted as shown such that individual LED groups 460 are
connected in series. In one embodiment, continuous portions
456 comprise a conductive element having a length of
approximately 100 millimeters and interrupted portions
comprise a “gap” of approximately 10 millimeters, with this
pattern repeating down the length of the conductive path-
way.

Light sources can be arranged in relation to the conduc-
tive elements to further prevent overheating. FIG. 9 depicts
a light engine 500, similar to light engine 100, wherein the
corresponding disclosure above is incorporated into this
embodiment such that like features share the same reference
numbers. Light engine 500 comprises body 102, light
sources 104, and conductive elements 106. The arrangement
of light sources 104 corresponds to the conductive pathway
arrangement depicted in FIG. 6. Light sources 104 can be
staggered along the length of body 102 to avoid concentrat-
ing heat produced by light sources 104 in the same location.
While further increasing thermal management, the stagger-
ing of LEDs is not strictly necessary to eliminate the need
for a heat sink structure, particularly in embodiments uti-
lizing highly efficient LEDs as discussed above; LEDs may
be lined up in a row or other arrangements are possible.

Groups of staggered light sources 502 can be further
arranged to increase thermal management by arranging
individual light sources 104 in each staggered group 502
such that each individual light source 104 in each staggered
group 502 is in communication with at least one different
conductive element from the others in the group. For
example, where each staggered group 502 comprises two
individual light sources, the first light source can be in
communication with a first uncommon conductive element
504 and a common conductive element 506, whereas the
second light source can be in communication with common
conductive element 506 (along with first light source) and
with second uncommon conductive element 508. This
arrangement reduces the amount of heat concentrated on a
particular conductive element 106 and further mitigates the
need for a heat sink.

As mentioned above, the body can comprise many dif-
ferent shapes and orientations. FIG. 10 depicts a light engine
550, similar to light engine 100, wherein the corresponding
disclosure above is incorporated into this embodiment such
that like features share the same reference numbers. Light
engine 550 comprises body 552, light sources 104 and
conductive elements 106. Body 552 can have a trapezoidal
shape. The shape of body 552 can provide a shape that
allows for multiple arrangements in relation to a light
fixture. For example, this trapezoidal shape can provide a
flat base portion 554 which can rest on top of another
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structure. Alternatively or in addition, the angled base por-
tions 556 can be arranged to catch on other objects, holding
light engine 550 in place.

The body can comprise many different additional shapes.
FIG. 11 depicts a light engine 600, similar to light engine
100, wherein the corresponding disclosure above is incor-
porated into this embodiment such that like features share
the same reference numbers. Light engine 600 comprises
body 602, light sources 104 and conductive elements 106.
Body 602 can comprise a tapered angular shape, wherein
body sidewalls 604 slope inward and terminate in an
inverted plateau region 606. This body shape can correspond
to another structure in which to mount light engine 600 to,
such that the lower portion 608 of body 602 “plugs in” or
mates with a corresponding portion of the mount structure.
This can result in improved device aesthetics as a large
portion of body 602 can be hidden from view. While it is
understood that other embodiments can provide this advan-
tage, body shapes such as the one of body 602 are configured
to have less body surface area that must be concealed from
view.

Yet another shape the body can comprise is shown in FIG.
12. FIG. 12 depicts a light engine 650, similar to light engine
100, wherein the corresponding disclosure above is incor-
porated into this embodiment such that like features share
the same reference numbers. Light engine 650 comprises
body 652, light sources 104, and conductive elements 106.
Body 652 can have a rounded or hemispherical structure.
Body 652 can also comprise an elliptical or conical struc-
ture. It is understood that although specific shapes and
configurations of body embodiments are discussed above,
these are only possible embodiments and the body can
comprise a wide variety of other shapes.

The body can comprise many different additional struc-
tures, to assist in device assembly and/or to assist in the
installation of the light engine into lighting fixtures. For
example, the body can comprise a “winged” or “tabbed”
structure comprising an extended portion that can be
attached to other components or devices, such as lighting
fixtures. These structures can be formed alternatively or in
addition to connecting portions 112 referenced in FIG. 1
above. FIG. 13 depicts a light engine 700, similar to light
engine 100, wherein the corresponding disclosure above is
incorporated into this embodiment such that like features
share the same reference numbers. Light engine 700 com-
prises body 702, light sources 104 and conductive elements
106. Body 702 further comprises extended portion 704 of
body 702 that can comprise one or more holes 706 in which
a fastening element such as a screw can attach extended
portion 704 to another object, for example a troffer fixture.

FIG. 14 depicts a light engine 750, similar to light engine
100, wherein the corresponding disclosure above is incor-
porated into this embodiment such that like features share
the same reference numbers. Light engine 750 comprises
body 752, light sources 104, conductive elements 106 and
cover 754 (which can comprise a lens 756). Cover 754 can
comprise a “snap-fit” assembly, wherein one or more cover-
attachment portions 116 (two shown) of cover 754 is shaped
or configured to interact or mate with corresponding body-
attachment portions 118 (two shown) of body 752. Cover
754 can comprise multiple cover-attachment portions 116
that interact or mate with multiple corresponding body-
attachment portions 118. This allows cover 754 to securely
snap onto body 752 or be removed as necessary, for
example, when cover 754 is designed as a separate piece
from body 752.
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Alternatively or in addition to the “snap-fit” structure
discussed above, one or more of cover-attachment portions
116 can be designed to permanently attach to body 752. For
example permanently attaching the entirety of cover 754 to
body 752 or permanently attaching one portion of cover 754
to body 752 such that the permanently attached portion
functions as a pivot or hinge while other cover-attachment
portions 116 can be attached or unattached as necessary. It
is understood that different mechanisms of attachment can
be used without deviating from the spirit of this disclosure.

As mentioned above, the lens can comprise many differ-
ent shapes and is not limited to a square/rectangular shape or
a smooth texture. FIG. 15, depicts a light engine 800, similar
to light engine 100, wherein the corresponding disclosure
above is incorporated into this embodiment such that like
features share the same reference numbers. Light engine 800
comprises body 102, light sources 104, conductive elements
106 and lens 802. Lens 802 can comprise a roughened
surface 804. Roughened surface 804 can create a uniform
appearance from light engine 800 by randomizing the angle
in which rays of light emitted from light source 104 hit the
surface of lens 802, thus reducing instances of total internal
reflection. Roughened surface 804 can be formed simulta-
neously with lens 802, for example through extrusion or
injection molding, or can be formed after lens 802, for
example through patterning, machining, grinding or etching.

The lens can comprise many different shapes. FIG. 16
depicts a light engine 850, similar to light engine 100,
wherein the corresponding disclosure above is incorporated
into this embodiment such that like features share the same
reference numbers. Light engine 850 comprises body 102,
light sources 104, conductive elements 106 and lens 852.
Lens 852 can comprise a rounded surface, for example, lens
852 can be domed, spherical or elliptical and its shape can
be selected for many reasons including spacing, aesthetic or
light emission pattern reasons.

FIG. 17 depicts a light engine 900, similar to light engine
100, wherein the corresponding disclosure above is incor-
porated into this embodiment such that like features share
the same reference numbers. Light engine 900 comprises
body 102, light sources 104, conductive elements 106 and
lens 902. Lens 902 can comprise multiple instances of a
domed, spherical or elliptical shape (two shown). In this
embodiment, lens 902 can be configured to produce a
“batwing” emission pattern.

The lens can also comprise various angular shapes. FIG.
18 depicts a light engine 950, similar to light engine 100,
wherein the corresponding disclosure above is incorporated
into this embodiment such that wherein like features share
the same reference numbers. Light engine 950 comprises
body 102, light sources 104, conductive elements 106, and
lens 952. Lens 952 can comprise an angular surface, for
example, lens 952 can be triangular or pyramidal. FIG. 19
depicts a light engine 1000, similar to light engine 100,
wherein the corresponding disclosure above is incorporated
into this embodiment such that like features share the same
reference numbers. Light engine 1000 comprises body 102,
light sources 104, lens 1002, and conductive elements 106.
Lens 1002 can also comprise multiple instances of a angular
features (two shown). Lens 1002 can also comprise shapes
and configurations that combine one or more instances of
angular and rounded features such as comprising conical or
trapezoidal surfaces.

It is understood that although specific shapes and con-
figurations of lens embodiments are discussed above, these
are only possible embodiments and the lens can comprise a
wide variety of other shapes.
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The lens can also be structurally configured to hold
additional components in place, such as light sources, reflec-
tive elements and conductive elements. FIG. 20 depicts a
light engine 1050, similar to light engine 100, wherein the
corresponding disclosure above is incorporated into this
embodiment such that like features share the same reference
numbers. Light engine 1050 comprises body 102, light
sources 104, conductive elements 106, reflective element
126 and lens 1052. One such way in which lens 1052 can be
configured to hold additional components in place is by
forming additional structures, for example, tabs 1054, on its
inner surface wherein tabs 1052 interact with the additional
components such that they can be held in place. Tabs 1054
can hold many different components into place, for example,
light sources 104, conductive elements 106 and/or reflective
element 126. Tabs 1054 can be the primary means of holding
the components in place, can interact cooperatively with
other structures to hold components in place or can serve as
a secondary means or support structure to further secure
components in place. In one embodiment, light sources 104,
conductive elements 106 and reflective element 126, are
formed as a sub-assembly and are held in place by tabs 1054.
In another embodiment, tabs 1054 can be reflective, for
example reflective white, and can take the place of reflective
element 126 or be used in addition to reflective element 126.
In embodiments wherein tabs 1054 are reflective, flex cir-
cuits, which typically cannot be coated with a highly reflec-
tive material, can be efficiently utilized as conductive ele-
ments 106.

FIG. 21 depicts a light engine 1100, similar to light engine
100, wherein the corresponding disclosure above is incor-
porated into this embodiment such that like features share
the same reference numbers. Light engine 1100 comprises
body 1102, light sources 104, conductive elements 106,
connecting portions 112, lens 1104 and reflective element
126. FIG. 21 shows body 1102 further comprising grooved
portions 1106 which can receive a light engine component,
such as reflective element 126. FIG. 21 also shows lens 1104
comprising tabs 1108 which can help secure light engine
components in place. Grooved portions 1106 and tabs 1108
can cooperate to hold a light engine component in place,
such as reflective element 126 as shown. One or more
surfaces 1110 and/or the entirety of tabs 1108 can be
reflective to further increase light extraction of light engine
1100. The embodiment depicted in FIG. 21 shows lens 1104
formed integral to body 1102 such that the lens contributes
to the rigid structure of body 1102.

Devices according to the present disclosure can further
comprises endcaps that can be either conductive or noncon-
ductive and can interface with body 1102, lens 1104 or with
the conductive elements 106, providing additional protec-
tion of internal components and providing a convenient
means of providing external electrical connection of the
light engine to outside elements. Body 1102 can also com-
prise additional structures to assist in increasing electrical
tolerance or in interfacing with the endcaps. For example,
FIG. 22 shows light engine 1150, similar to light engine 100,
wherein the corresponding disclosure above is incorporated
into this embodiment such that like features share the same
reference numbers. Light engine 1150 comprises body 102,
light sources 104, conductive elements 106, living hinge
120, lens 122 and reflective element 126. Light engine 1150
further comprises conductive “wings” 1152. Conductive
wings 1152 can be placed and adhered to conductive ele-
ments 106, allowing for a larger tolerance for the endcap
electrical connection.
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The endcaps can be attached to body 102 by various
methods including adhesives, snap fit, soldering and spring-
loaded mechanisms. The endcaps can also be held in place
by lens 122. FIG. 23 shows light engine 1200, similar to
light engine 100, wherein the corresponding disclosure
above is incorporated into this embodiment such that like
features share the same reference numbers. Light engine
1200 comprises body 102, light sources 104, conductive
elements 106, lens 122 and reflective element 126. Light
engine 1200 further comprises endcap 1202. Endcap 1202
can be positioned on body 102 near the front edge 1204 of
light engine 1900 (as shown) and/or the back edge 1206.
Lens 122 can then be moved into a “closed” position as
discussed above, folding over the endcap and closing, thus
securing endcap 1202 in place. As mentioned above, lens
122 can contain additional structures or features, such as
tabs on its internal surface, that allow it to interface with
endcap 1202 and further secure it into a desired position.

FIG. 24 shows a schematic representation 1250 of a
spring loaded contact arrangement showing spring loaded
contact 1252 which can be formed integral to an endcap and
can interface with an extruded light engine 1254. In this
embodiment, spring loaded contact 1252 is extruded with
light engine 1254. An external connection 1256 is then made
to spring loaded contact 1252. External contact 1256 can be
formed integral to spring loaded contact 1252 and or an
endcap. In another embodiment, endcaps can be formed
from a portion of the body (e.g. via machining) such that
they are part of the body. Alternatively or in addition to
endcaps to provide electrical connection to conductive ele-
ments, electrical connections, for example, conductive wires
can be directly connected, soldered or adhered to conductive
elements or additional structures such as wings.

Devices according to the present disclosure can be used in
a variety of light fixtures, including troffer light fixtures or
in retrofitting existing troffer fixtures with updated lighting
components. FIG. 25 shows an example troffer assembly
1300 depicting light engines 1302, which are similar to light
engine 100, power supply 1304, which can contain power
supply cords (not shown) and mounting brackets 1306,
which can retain the light engines and also route power
supply cords from power supply 1304 to light engines 1302.
It is understood that light engines according to the present
disclosure can be utilized in a variety of lighting fixtures or
as retrofits to existing fixtures and can be attached or
integrated into such fixtures in a number of ways. Further
examples of troffer assemblies and retrofits are described in
detail in U.S. patent application Ser. No. 13/672,592, also
assigned to Cree, Inc., which is hereby incorporated herein
in its entirety by reference, including the drawings, charts,
schematics, diagrams and related written description.

FIGS. 26 and 27 are temperature profile graphs compar-
ing different embodiments of a light engine according to the
present invention. FIG. 26 shows graph 1350 measuring
temperature vs. current. FIG. 27 shows graph 1400 measur-
ing temperature vs. individual LED power. The data was
collected by attaching a thermalcouple to the center LED in
a line of five electrically connected LEDs and measuring the
temperature and forward voltage at various currents ranging
from 20-100 milliamps (mA) over different materials used
for the conductive elements of a light engine according to
the present disclosure. The LEDs that were utilized were
highly efficient LEDs as described above and were soldered
onto the conductive elements. The four conductive elements
that were tested are as follows: 1) an FR4 PCB with jumper
wire connections (FR4 substrate with %2 oz copper) as a
control; 2) 34 AWG copper wire rails; 3) 26 AWG copper
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wire rails; and Copper foil (3.1 mmx0.05 mm, adhesive
backed (~1.5 0z)). Temperature and voltage were recorded at
10 mA increments.

FIG. 28 and FIG. 29 are additional graphs generated from
data from the above data collection. FIG. 28 shows graph
1450 charting thermal resistance vs. current in relation to
different conductive element materials mentioned above.
FIG. 29 shows graph 1500 charting the relationship between
thermal resistance vs. heat dissipation area measured over
the range of 20-100 mA. The heat dissipation area measured
in the above data collections roughly corresponds to
Pi*diameter of the conductive element. This heat dissipation
area 1550 is shown in FIG. 30, which depicts conductive
element arrangement 1552, wherein the individual LEDs
1554 are attached to the conductive elements 1556 with heat
dissipation area 1550 roughly corresponding to half distance
between adjacent LED:s.

Referring again to FIGS. 26-29, these graphs show a
temperature rise due to exposed heat dissipation area. This
data demonstrates that conductive elements according to the
present disclosure, coupled with highly efficient LEDs as
discussed above can eliminate the need for a heat sink; if the
temperature stays under 100° C., light engines according to
the present invention could be manufactured more cost
effectively than PCB based engines utilizing heat sinks.
While highly efficient LEDs were used for these data col-
lections, it is understood that other light sources with heat
dissipating features or the ability to operate at lower drive
currents and consume less power could be used in conjunc-
tion with rigid body 102 to eliminate both the heat dissipa-
tion and structural needs of a heat sink.

As discussed above, devices according to the present
disclosure can be manufactured through efficient methods
that reduce manufacturing time and cost. Referring again to
FIG. 1, in one embodiment, body 102 is coextruded with
reflective element 126 and cover 114, resulting in cover 114
being attached to body 102 via living hinge 120. Conductive
elements 106 are then placed into position on the top portion
of body 102. Alternatively or in addition, conductive ele-
ments 106 can be coextruded with body 102, reflective
element 126 and cover 114, or added during the coextrusion
process. Light sources, such as LEDs, are then bonded to the
conductive traces via bonding methods as described above.
Cover 114 can then be snapped into place. As already
discussed above, various features may be included or
excluded and added during different times in the process.
For example, cover 114 can be formed separately and later
snapped into place or reflective element 126 can.

It is understood that the present disclosure relates to light
engines with integrated features intended to replace one or
more commonly required or desired features. Accordingly,
embodiments according to the present disclosure may con-
tain such features such as a PCB, heat sink, separate lens/
cover portion and/or reflective element. Likewise, embodi-
ments according to the present disclosure can contain a PCB
and no heat sink, and/or a heat sink and no PCB, a PCB and
heat sink but an integrated cover/lens. These and various
other combinations will be apparent to those of ordinary
skill in the art after considering the present disclosure.

It is understood that the present disclosure relates to
devices that can eliminate the need for various components,
but that the devices disclosed herein can also utilize these
components. For example, a device according to the present
disclosure can eliminate the need for a heat sink, but still
utilize a PCB, or eliminate the need for a PCB and still
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utilize a heat sink. Likewise, devices according to the
present invention may utilize an integrated cover/lens but a
separate reflective element.

Although the present invention has been described in
detail with reference to certain preferred configurations
thereof, other versions are possible. Embodiments of the
present invention can comprise any combination of compat-
ible features shown in the various figures, and these embodi-
ments should not be limited to those expressly illustrated
and discussed. Therefore, the spirit and scope of the inven-
tion should not be limited to the versions described above.

The foregoing is intended to cover all modifications and
alternative constructions falling within the spirit and scope
of the invention as expressed in the appended claims,
wherein no portion of the disclosure is intended, expressly
or implicitly, to be dedicated to the public domain if not set
forth in the claims.

We claim:

1. A light engine, comprising:

an elongated body;

light sources on said body; and

conductive elements embedded into said body such that at

least a portion of said conductive elements are within
said body and in communication with said light
sources, said conductive elements comprising electrical
pathways between said light sources.

2. The light engine of claim 1, wherein said light sources
comprise LED packages with heat dissipating features.

3. The light engine of claim 1, wherein said light sources
are staggered.

4. The light engine of claim 1, wherein said conductive
elements are configured to dissipate heat generated during
operation of said light source.

5. The light engine of claim 1, wherein said conductive
elements comprise barbed portions.

6. The light engine of claim 1, wherein said conductive
elements comprises magnetic wire.

7. The light engine of claim 1, wherein said conductive
elements comprise flex circuits.

8. The light engine of claim 1, wherein said conductive
elements comprise flattened braided wire.

9. The light engine of claim 1, wherein said conductive
elements comprise nonconductive rails that have been
coated with a conductive material at locations in communi-
cation with said light sources.

10. The light engine of claim 1, further comprising a
reflective element.

11. The light engine of claim 10, wherein said reflective
element is integrated into said body.

12. The light engine of claim 10, wherein said reflective
element is coextruded with said body.

13. The light engine of claim 10, wherein said reflective
element is held in place through a snap-fit connection.

14. The light engine of claim 1, further comprising a lens.

15. The light engine of claim 14, wherein said lens is
integrated into said body.

16. The light engine of claim 14, wherein said lens is
coextruded with said body.

17. The light engine of claim 14, wherein said lens is
connected to said body through a living hinge.

18. The light engine of claim 1, wherein said body further
comprises a connecting portion to allow for attachment of
said light engine to other objects.

19. The light engine of claim 1, wherein said light sources
are connected to said at least one light conductive element
via a conductive adhesive.
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20. The light engine of claim 1, further comprising at least
one endcap providing an external power connection to said
light engine.

21. A light engine, comprising:

a rigid body;

at least one light source on said body; and

at least one conductive element embedded into said rigid

body such that at least a potion of said at least one
conductive element is within said rigid body and in
communication with said light source, said at least one
conductive element configured to conduct heat gener-
ated during operation of said at least one light source.

22. The light engine of claim 21, wherein said at least one
light source comprises at least one LED package with heat
dissipating features.

23. The light engine of claim 21, wherein said light
sources are staggered.

24. The light engine of claim 21, wherein said at least one
conductive element comprises a barbed portion.

25. The light engine of claim 21, wherein said at least one
conductive element comprises copper wire.

26. The light engine of claim 21, wherein said at least one
conductive element comprises a flex circuit.

27. The light engine of claim 21, wherein said at least one
conductive element comprises flattened braided wire.

28. The light engine of claim 21, wherein said at least one
conductive element comprises nonconductive rails that have
been coated with a conductive material at locations in
communication with said at least one light source.

29. The light engine of claim 21, further comprising a
reflective element.

30. The light engine of claim 29, wherein said reflective
element is integrated into said body.

31. The light engine of claim 29, wherein said reflective
element is coextruded with said body.

32. The light engine of claim 29, wherein said reflective
element is held in place through a snap-fit connection.

33. The light engine of claim 21, further comprising a
lens.

34. The light engine of claim 33, wherein said lens is
integrated into said body.

35. The light engine of claim 33, wherein said lens is
coextruded with said body.

36. The light engine of claim 33, wherein said lens is
connected to said body through a living hinge.

37. The light engine of claim 21, wherein said body
further comprises a connecting portion to allow for attach-
ment of said light engine to other objects.

38. The light engine of claim 21, wherein said at least one
light source is connected to said at least one conductive
element via a conductive adhesive.

39. The light engine of claim 21, further comprising at
least one endcap providing an external power connection to
said light engine.

40. A light engine, comprising:

a body;

at least one conductive element embedded into said body;

at least one light source in communication with said at

least one conductive element; and

a lens integrated into said body.

41. The light engine of claim 40, wherein said lens is
coextruded with said body.

42. The light engine of claim 40, wherein said lens is
connected to said body through a living hinge.

43. The light engine of claim 42, wherein said lens and
body further comprises a snap-fit structure and said lens
comprises open and closed positions.
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44. A light engine, comprising:
a body;
at least one conductive element on said body, wherein said
at least one conductive elements is help in place by one
or more features of said body;
at least one light source in communication with said at
least one conductive element; and
a reflective element integrated into said body.
45. The light engine of claim 44, wherein the reflective
element is white.
46. The light engine of claim 40, wherein said at least one
conductive element comprise at least one interrupted por-
tion.
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